Chromosome constitution was analyzed in progenies from the translocation heterozygous allotetraploids (2n=34, AATBBT) of Scilla scilloides Druce. Fifteen plants out of 139 selfed and 25 open-pollinated progenies were homoor heterozygous for the chromosome a2s carrying a large satellite, though the parental plants had no satellited a2. This SAT-chromosome is similar to satellited a2 present in the Korean diploid AA but not to non-satellited a2 found in allopolyploids. Thus satellited a2 which incurred differential amphiplasty may possibly have recovered its normal shape in the allotetraploids. Diploid AA comprising satellited a2 may possibly contribute to the synthesis of allopolyploids.
INTRODUCTION
Scilla scilloides Druce is a perennial complex consisting of two diploids and six polyploids composed of two basic genomes A (x=8) and B (x=9), i. e., AA (2n=16), BB (2n=18), ABB (2n=26), BBB (2n=27), AABB (2n=34), ABBB (2n = 35), BBBB (2n = 36), and AABBB (2n = 43) (Raga and Noda 1976; Sato 1942 Sato , 1953 . In spite of the distribution of AABB, ABBB, and AABBB in both Japan and Korea, diploid AA has been found in Korea but not in Japan. In contrast, diploid BB has been found in Japan but not in Korea (Araki 1972; Araki et al. 1979; Haga and Noda op. cit.) .
The genome A is composed of 8 chromosomes, al to a8 (Fig. 1 ). The genome of the Korean diploid AA differs from genome A in allopolyploids in that it contains a pair of subtelocentric chromosomes a2 each carrying a large satellite. No satellited chromosome is present in the genome A in polyploids (Araki op. cit.; Araki et al. op. cit.; Haga and Noda op. cit.) . This poses an important problem in regard to origin of allopolyploids. The genome B is comprised of 9 chromosomes, bi to b9, and is commonly present in diploid and polyploids (Fig. 1) . In the present research, a study was made of certain progenies comprising chromosome a25 with a large satellite and produced from translocation heterozygous allotetraploids (2n = 34, AATBBT). Special attention is directed to the origin of allopolyploids. 
MATERIALS AND METHODS
The plants used were 12 out of 17 individuals from a natural population on the Island of Yakushima, southwest of Kyushu (cf. Noda 1961) . These plants were maintained in Scilla Garden of Kyushu University, Fukuoka. And also, 139 self ed and 25 open-pollinated progenies from these 12 parental plants were used.
The chromosome complement of each plant was determined at the mitotic metaphase in root-tip cells. The root-tips were pretreated with a 0.002 M 8-Hydroxyquinoline solution for 2 hours before fixation with La Cour 2 BE, and then squashed in 45% acetic acid following Feulgen-staining.
For the meiotic study, PMCs were fixed in Newcomer's solution and squashed in 1 % ironacetocarmine.
The number of nucleoli per nucleus was counted in each mitotic interphase of the root-tip cells. The root-tips were fixed with AFA solution for 24 hours and then stained and squashed in 1 % iron-acetocarmine following maceration in 1 N HCl (Rattenbury 1952) .
The mode of chromosome and genome designation was essentially the same as that in previous papers (Araki 1971; Haga and Noda 1958, 1976) . However, chromosome a2 carrying a large satellite was designated by the superscript "s" to distinguish it from non-satellited a2. The genome A including the chromosome a28 was designated by the subscript "s" so as to become As. Translocated chromosomes a, and bl were each designated by the superscript "t" . The genomes A and B including their chromosomes, alt and blt, were distinguished from normal genomes by the superscript "T" (Fig. 1) . Karyotypes of parental plants.
All 12 parental plants were translocation heterozygous allotetraploids (2n = 34, AATBBT). Eight chromosome pairs of genome A each contained one pair of large metacentric al as marker chromosomes, five pairs of subtelocentric a2 to a6, one heterozygous pair of small-sized metacentric a7 and subtelocentric alt, and one pair of small-sized metacentric a8. Satellited a28 was not present in the two sets of genome A. Each chromosome set of genome B possessed a subtelocentric Satellited bl as a marker chromosome of the genome, four subtelocentric b2 to b5, and four small-sized metacentrics or submetacentrics, b6 
Chromosome complements of progenies
Eight kinds of cytotypes were produced, as expected, by self breeding from 9 translocation heterozygotes (AATBBT), i.e., AABB, AATBB, ATATBB, AABBT, AABBBT, AATBBT, AATBTBTBT, and ATATBTBT. Also, 3 aneuploids and 5 plants with B-chromosomes (f and F) were found and are presented as the others in Table 1 . Surprisingly, homo-and heterozygotes for chromosome a2' were also noted to be present (Table 1 ). The morphology of a2' was the same as that of a2 carrying a large satellite in the diploid ( Fig. 2 ; cf. Araki 1972) . All the homozygotes for a23, AsAsBB, were present in 49 progenies from Yakushima 4. Heterozygotes, A5ATBB and AAATBBT, occurred in progenies from Yakushima 4 and 5. No homo-and heterozygotes were found in 49 progenies from the other 7 plants. Furthermore, 6 heterozygotes were produced from 2 translocation heterozygotes by open-pollination (Table 1 ). The chromosomes of AsAsBB were the same as those of AABB except for a23 in morphology. AsATBB and AATBB and AsATBBT and AATBBT were found to be related in the same way ( Figs. 1 and 2 ).
Number of nucleoli per cell in plants with and without chromosome a28.
One or two nucleoli were observed in the cells of 3 cytotypes, AABB, AATBB, and AATBBT, none of which have chromosome a28. However, the number of nucleoli per cell was one to four in AsAsBB homozygous for a28. The total frequency of cells with 3 and 4 nucleoli was 51.7%. One to three nucleoli were also observed in the cells of A5ATBB and A5ATBBT heterozygous for a28. The frequency of the cells with 3 nucleoli was 30.4 and 40.2% in AsATBB and AsATBBT, respectively (Table 2 ). a2' is apparantly a nucleolar chromosome.
Meiotic pairing of chromosomes in PMCs
Pairing of MI chromosomes was similar for AABB and AsAsBB and for AATBBT and AAATBBT. Both AABB and AsAsBB formed normally 17II at MI. No multivalent was found in either cytotype (Table 3 ). The most frequent configuration was 1 + 15II at MI in both AATBBT (88.0/) and AsAT BBT (79.4%). A quardrivalent was formed by a,, a,t, bi, and bit. A multivalent higher than a quardrivalent or an additional multivalent could not be found in both cytotypes (Table 4) . Thus, chromosome a2' clearly has no effect on the pairing of MI chromosomes and is not produced through structural change (s) in a2 or other chromosomes.
DISCUSSION
The satellited chromosome a2' found in the present study did not arise from chromosome changes such as translocation between a2 and another chromosome at the allotetraploid level. This was made clear by a comparison of karyotypes and meiotic pairing between AsAsBB and AABB, between AsATBB and AATBB, and between AsATBBT and AAT BBT (cf. Table 3 and 4; Figs. l and 2). The occurrence of a2' is a possibility, considering the fact that satellited a2, which incurred differential amphiplasty, was somehow able to recover its normal shape in allotetraploid individuals. Navashin (1934) reported the secondary constriction of the SAT-chromosome of a parental species to be lacking in the hybrid of the genus Crepis. Differential amphiplasty for SAT-chromosomes or nucleolus organizer chromosomes has been reported in plant and animal species (for references see Lange and Jochemsen 1976; Lacadena et al. 1984) . In an artificial hybrid AB of Scilla scilloides, however, the SAT-chromosomes, a2 and b1, of two parental AA and BB brought together by hybridization did not incur changes in the secondary constriction and some PMCs at diakinesis showed bivalent a2-b1 attached to nucleoli (Araki 1971) . Differential amphiplasty has also reported in both natural allopolyploid species such as tetraploid and hexaploid Triticum and an artificial amphiploid such as Triticale (see Lacadena 'et at. op. cit.; Cermeno et a1.1984) . In the Chinese Spring cultivar of the hexaploid Triticum aestivum exhibiting differential amphiplasty, duplication or loss of SATchromosomes, lB and 6B, carrying major nucleolus organizers results in either a significant increase or decrease in the number of nucleoli per cell, respectively (Flavell and O'De111979 ; Longwell and Svihla 1960) . Furthermore, the chromosomes not known to carry nucleolus organizers in Chinese Spring have been reported to control the formation of nucleoli in their organizers on chromosomes 1B, 6B, 1A, and 5D. This genetic control has been found related to chromosome dosage (Flavell and O'Dell op, cit.) . In the allopolyploids of Scilla scilloides, the chromosome number of the complement exceeds that of the hybrid AB. The proportion of SAT-chromosomes, a2 vs b1, is 1:1 in AB. However, it is 2 : 2 in AABB,1: 2 in ABB and 1: 3 in ABBB and so on. Under these conditions, chromosome a2 may possibly supress the activity of nucleolus formation or formation of secondary constriction. From relationships between the number of SAT-chromosomes and nucleoli in the allopolyploids of this species (described as S. japonica), Sato (1940 Sato ( , 1941 considers the SAT-chromosome from the genome B (described as B2) to have greater activity in nucleolus organization than the nucleolar chromosome from genome A (described as B1) and the former to inhibit the activity of the latter in the allopolyploids. Amphiplastic changes are reversible. Navashin (1934) reported chromosomes undergoing amphiplastic changes under hybrid conditions to immediately recover their normal shape following the elimination of chromosomes of other species. Essentially the same was noted in the substitution lines of the hexaploid T. aestivum (Flavell and O'Dell op, cit.; Martini et al. 1982) . Furthermore, the occasional recovery of chromosomes undergoing amphiplastic changes has been observed even in the presence of the SAT-chromosomes carrying a major nucleolus organizer (Bhowal 1972; Martini et al, op. cit.) . Supression of formation of secondary constriction has been clarified as not due to selective loss of rDNA from its site and to represent a complete or partial repression of rRNA on chromosomes (Subrahmanyam and Azad 1978) . As mentioned earlier, diploid AA and BB have different distributions although allopolyploids are commonly found in both areas. Chromosome a2 present in diploid AA carries a large satellite but not in allopolyploids. Thus, a progenitor diploid species of allopolyploids is considered to be AA which comprises a2 without a satellite. Diploid plants, however, have yet to be found (Raga and Noda 1976) . If the present assumption that satellited a2, which incurs differential amphiplasty, recovers its normal shape in the allotetraploid is correct, diploid AA comprising the satellited a2 may possibly contribute to the syntheses of allopolyploids.
